. As previously observed, the entry 3 into adulthood was increasingly delayed with longer times in arrest (Fig. 1b) . When we 4 analysed the duration of each stage of development individually, we found that all larval 5 stages, except L1, and all molts were essentially unaffected by the duration of the arrest 6 ( Supplementary Fig. 1a) . Instead, the delayed adulthood results from an extended recovery 7 time, defined as the time from the exposure to food until the entry into the first molt (L1; Fig.   8 1c). Prolonged starvation also resulted in increased variance of recovery time (F test p-9 value <0.0001, when comparing day 2 and day 8) (Fig. 1c) . Starvation time had no effect on 10 the time between the first and the last molt (M1-M4) (Fig. 1d) . In summary, the growth rate
extended L1 arrest reduces the potential to recover once food is available 9 . Interestingly, 4 the duration of L1 arrest has been proposed to affect the subsequent larval development.
1
Following feeding after prolonged L1 starvation, animals take longer to reach adulthood and 2
show increased variability in the time it takes to reach this developmental stage 10, 11 . For 3 these reasons, the nematode offers an exceptional tractable model system to study the 4 mechanisms that impact cell arrest and proliferation in a multicellular organism. Despite this 5 interest, the processes taking place during L1 quiescence and recovery are poorly 6 understood.
7
Here we show that extended L1 arrest delays the reactivation of the cell divisions marking 
20
Results and discussion
21
Time to recover from L1 arrest increases with prolonged starvation and reflects
22
proliferative potential after quiescence.
23
When L1 larvae are arrested for prolonged periods of time, animals take longer to reach 24 adulthood once they are fed 10, 11 . However, the duration of each of the four larval stages 25 after extended starvation remains unexplored, hindering the analysis of the effects of 26 5 starvation on the reactivation of the larval developmental program. Using a highly 1 quantitative and novel assay for developmental timing 12 , we measured the duration of all 2 larval stages after different periods in L1 arrest (Fig. 1a) . As previously observed, the entry 3 into adulthood was increasingly delayed with longer times in arrest (Fig. 1b) . When we 4 analysed the duration of each stage of development individually, we found that all larval 5 stages, except L1, and all molts were essentially unaffected by the duration of the arrest
6
( Supplementary Fig. 1a) . Instead, the delayed adulthood results from an extended recovery 7 time, defined as the time from the exposure to food until the entry into the first molt (L1; Fig.   8 1c). Prolonged starvation also resulted in increased variance of recovery time (F test p-9 value <0.0001, when comparing day 2 and day 8) (Fig. 1c) . Starvation time had no effect on 10 the time between the first and the last molt (M1-M4) (Fig. 1d ). In summary, the growth rate
11
of the nematode is not affected by starvation time. Developmental timing is largely resilient 12 to extended arrest, whereas recovery time increases with the duration of the arrest.
13
In order to understand the nature of the extended L1 stage, we fitted the recovery times 18 duration is markedly smaller for M1/L1, compared to all the other larval stages 12 . From the we determined from our data, we could re-calculate the relative molt/larva duration and
23
found out that, in this case, the M1/L1 ratio reaches the same value as all the other larval 24 stages ( Supplementary Fig. 1c ). Our hypothesis is that prolonged L1 arrest does not affect 25 the duration of the bonafide L1, but it determines the delay that occurs between re- 
12
following exposure to food (Fig. 1e, 1f ). M cells divide after nine hours (Fig. 1g) 
17
In order to be able to compare the time of these divisions within the same animals, we made 18 a double seam and M cell reporter and monitored V and M cell divisions upon feeding of
19
larvae arrested for one and four days (Fig. 1h) . We then compared the time needed for 50% 20 of animals to achieve these cell divisions in the two conditions. While the time between the 21 addition of food and V cell divisions is almost doubled in L1s arrested for four days, the time
22
between V and M cell divisions remains constant (Fig. 1i) Fig. 1d ). These findings 4 confirm our hypothesis that exposure to food is not sufficient to resume the larval 5 developmental program, instead reactivation of cell divisions is delayed after prolonged L1 6 arrest ( Supplementary Fig. 1e ), possibly reflecting a progressively deeper level of 7 quiescence in these conditions.
8
Insulin signalling modulates L1 ageing and recovery
9
One explanation for the delayed reactivation of cell divisions is that the arrested larvae need
10
to counteract the damage caused during prolonged arrest. 
13
( Supplementary Fig. 2a ). However, when we maintained L1 larvae in starvation for 14 days,
14
the daf-2 animals recovered more rapidly than the wild type (Fig. 2b, Fig. 2b ). After 8 days of L1 arrest, we could visually establish two 4 categories of larvae with high and low fluorescence in the head, which yielded significant 5 differences when we quantified the actual fluorescent signal (Supplementary figure 2c) . We 6 selected animals based on these two categories and analysed their recovery, demonstrating 7 that animals with higher DHE signals recovered significantly more slowly than those with 8 lower signals (Fig 2c. left) but did not show developmental delay (Fig. 2c, right) . This result 9
suggests that the capacity to recover depends on the accumulation of age-related phenotypes 9 .
11
We suspected that insulin signalling modulates the rate of accumulation of L1 ageing 
24
Altogether, these results suggest that the physiological decline, similar to the ageing 25 process, that takes place during L1 arrest leads to slower recovery once animals are fed.
26
The decreased aging rate of daf-2 mutants during L1 arrest possibly results from a 
15
conditions tested, we found that larvae from older mothers recovered from developmental 16 arrest significantly faster than those of younger mothers (Fig 3a) . On average the recovery 17 times for larvae from mothers in the first, second and third days of egg production were respectively (Fig 3b) . This effect was more prominent when we analysed recovery of the 23 very first embryos produced by the mothers (day 0.5, Supplementary Fig. 3a ). As in all
24
cases we have seen, maternal age does not have an effect on developmental timing after 25 extended arrest ( Fig. 3c and Supplementary Fig. 3a ). food, we observed that larvae from embryos with reduced vitellogenin showed longer 7 recovery times than larvae from mothers treated with control RNAi (Fig. 3d, left) . Despite the 8 pronounced delay in recovery, developmental timing was similar between conditions ( Fig.   9 3d, right). Our results, therefore, confirm that yolk provisioning is important during L1 10 starvation but does not support a role in developmental timing per se.
11
We also analysed whether embryos from older mothers were protected against the 12 accumulation of L1 ageing markers. We submitted L1 from day 1-3 mothers to arrest and 13 measured DHE signals. We observed no significant differences after one day of arrest but a 14 marked, significant difference after 8 days. Indeed, larvae from day 2-3 mothers showed
15
reduced DHE accumulation compared to larvae from day 1 mothers (Fig 3e) . We found no 16 differences in amyloids, reported by NIAD-4 staining ( Supplementary Fig. 3b ). shallower level of quiescence that permits faster recovery.
5
We have also found that larvae from older mothers present less ROS accumulation and 6 recover faster from quiescence, suggesting that they are at a shallower level of quiescence.
7
Whether ROS levels and yolk provisioning are mechanistically link requires further 8 investigation. We did not find alterations in DAF-16 activation in yolk depleted larvae and 9 daf-2 mutants produce less yolk proteins 35, 36 . These observations suggest that the 10 mechanisms for ROS reduction in conditions of low insulin signalling and in older mothers
11
likely have different origins.
12
In sum, our results support the relevance of L1 arrest upon starvation as a model to study
13
proliferative potential after quiescence in vivo.
14

Materials and Methods
15
Culture conditions and strains
16
We cultured stock animals according to standard methods 37 , maintaining them at 20 ºC on response to starvation (Fig. 1a-d 
10
For the longitudinal analysis of recovery, we stained L1 larvae arrested for 8 days with DHE,
11
as above, and then categorized them into animals with low or high signal. We placed these 
19
IPTG and 100 µg/ml ampicillin. We let the bacterial lawn dry and incubated the plates for 5 20 hours at 37 ºC and overnight at room temperature. We transferred 20 gravid adults of the 21 strain MRS387 per plate and let them lay eggs for 2 hours before retiring them from the 22 plates. We grew them for 4 days at 20 ºC before proceeding with the hypochlorite treatment.
23
We maintained the animals in L1 arrest for 8 days at 20 ºC. Development was re-initiated by 24 adding OP50-1 bacteria and monitor development as previously described. replicates to avoid the inflated N value from using individual animals. The averages of most 5 groups were normally distributed but in cases when N was too low to assess normality we 6 visually inspected the values to discard important deviations from normality and variances 7 were similar. We used unpaired two-tailed t-test to compare the means of two groups and Fig. 1c and estimation of the bonafide L1 as the time necessary to enter the first molt from the point of arrest. c. Molt/larva ratios for all larval stages using the actual data after two days of arrest or using the calculated bonafide L1. 
